INTRODUCTION
In recent years a lot of interest has been focused on the Josephson junction as a microwave device in the millimeter and submillimeter range. The primary reason for this interest is that it has been verified experimentally that the Josephson junction makes the receiver with the lowest noise temperature in a large part of the microwave spectrum. Already now radio astronomy receivers with a Josephson junction as the sensitive element have been tested sucessfully and total receiver noise temperatures as low as 150 K have been realized in the 40-120 GHz range. Although the interest is now focused largely on the so-called SIS mixer,the Josephson junction being a highly nonlinear device may be used also as a parametric amplifier. For both mixers and parametric amplifiers, modes of operation exist, in which the pump (or local oscillator) is inherent in the junction; alternatively, another Josephson junction may be used as a microwave generator. That unique feature becomes attractive in the higher end of the microwave spectrum where sources are typically bulky and expensive. The development of practically usable Josephson microwave elements is still being pursued actively around the world. A noticeable trend now is that this research is increasingly being transferred from the physics laboratories to the microwave community; the progress that has taken place has also benefitted much from large research projects aimed at developping a new generation of computers based on Josephson junctions. Several good recent reviews of the field existsl12'3'4'5'6 and may serve as an introduction for those who wish more information.
THE JOSEPHSON JUNCTION
Superconductivity, which is fundamental to the Josephson junction, may be described as the total loss of electrical resistance and the exclusion of magnetic flux in some metals below a transition temperature Tc. Typical materials used are lead, niobium, and alloys with Tc's of order 5 -10 K. A Josephson junction consists typically of two thin films made of such a material and separated by a thin (10 -50 A) insulating barrier. Fig. 1 shows schematically such a structure, and Fig. 2 shows a typical current voltage characteristic.
The IV characteristic has two branches which are conceptually separable in that the current flowing at zero voltage (the supercurrent)originates from tunneling Cooper pairs, consisting of two electrons which are coupled together. These Cooperpairs Physics Laboratory I, Technical Un'iversity of Denmark, DK 2800 Lyngby, Denmark. 
The proportionality between dIs/dt and the voltage implies that the supercurrent at zero voltage is equivalent to a nonlinear inductor, the value of which is tunable by the dc bias current (1) the situation is rather similar to an externally pumped varactor diode parametric amplifier, except that here it is the non linear inductance being modulated at the pumping frequency, whereas in the varactor amplifier it is the non linear capacitance. Two schemes have been investigated both experimentally and theoretically. In one scheme the pump is at twice the signal frequency (3 photon amplifier) and in the other the signal, idler and pump frequencies are about equal. (4 photon amplifiers). In both cases the signal frequency is in the vicinity of the plasma resonance. Table I Fig. ( 2), and may be described as working on the borderline between the classical and quantum limits. At high frequencies when the photon energy is larger than the singular region of the IV curve at the gap voltage Vg (Fig. (2) ) the quantum nature of the problem may even give rise to conversion gain.
Classically, the SIS mixer simply make use of the sharp nonlinearity of the IV curve (bias point C in Fig. (2) ) and may accordingly be considered as a classical mixer; hence the curvature and slope in the bias point together with relevant input and output impedances determine the conversion efficiency, 1 from rf to if -frequency. Even with idealized and carefully designed circuits LE1 can never be larger than 0.5. The curvature parameter S = d2I/dV2/dI/dV can be used to compare the con- The SIS junction at low temperatures may display an even stronger curvature.
However, even the very large S-value of a classical SIS mixer does not give an explanation of the observed conversion gain.
A quantum picture is necessary. Photons can be absorbed or emitted by electrons during the tunneling process. This photon induced tunneling due to an applied local oscillator signalgives rise to structure around the energy gap as shown in Fig. (4) 
